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Abstract
We estimate the long-run relationship between real housing prices of new dwellings and their 
fundamentals in a panel of the 50 Spanish provinces between 1985 and 2018. We fi nd a 
cointegrating relationship between real house prices and per capita real income, unemployment 
rate and demographic density. According to our estimates, house prices were above their 
long-run equilibrium values in most provinces in 2007, during the peak of the previous boom, 
but there was substantial heterogeneity in the size of this gap. At the end of 2018 house 
prices were slightly below their estimated long-run equilibrium values in most provinces, but 
a few of them exhibited moderate positive deviations from those levels. Our results highlight 
the importance of modelling house prices at the regional level, as aggregate results may hide 
important heterogeneous developments.
Keywords: house prices, fundamentals, cointegration, regional analysis.
JEL classifi cation: R30, R31, R32.
Resumen
En el presente trabajo estimamos la relación a largo plazo entre los precios de la vivienda 
nueva reales y sus fundamentales en un panel de 50 provincias españolas entre 1985 y 
2018. Encontramos una relación de cointegración entre los precios de vivienda reales y la 
renta real per cápita, la tasa de paro y la densidad demográfi ca. De acuerdo con nuestras 
estimaciones, los precios de la vivienda estaban por encima de sus valores de equilibrio 
a largo plazo en la mayoría de las provincias en 2007, en el punto máximo de la anterior 
expansión, pero había una elevada heterogeneidad en la magnitud de estas diferencias. 
A fi nales de 2018, los precios de la vivienda estaban ligeramente por debajo de su nivel de 
equilibrio estimado de largo plazo en la mayoría de las provincias, mientras que en otras 
el valor de estos activos inmobiliarios superaba, aunque muy moderadamente, dicho nivel 
de largo plazo. Nuestros resultados muestran la importancia de modelizar los precios de la 
vivienda a escala regional, puesto que los resultados agregados pueden encubrir importantes 
evoluciones heterogéneas. 
Palabras clave: precios de la vivienda, fundamentales, cointegración, análisis regional.
Códigos JEL: R30, R31, R32.
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real housing price Natural logarithm of real housing prices. Nominal housing prices have been deflated by the province CPI. Source: Sociedad de Tasación and
National Statistics Institute.
real per capita income Natural logarithm of per capita real gross disposable income. Nominal gross disposable income has been deflated by the province CPI. 
Source: Banco de España and National Statistics Institute. 
unemployment rate Unemployed population over active population.  Source: National Statistics Institute. 
nominal interest rate Mortgage interest rate of new operations (effective anual rate). Source: Banco de España.
per capita housing stock Natural logarithm of per capita housing stock. Source: Ministry of Public Works and Infraestructure, National Statistics Institute, CSCAE. 
population density Natural logarithm of  total province population divided by the province area. Source: National Statistics Institute and National Geographic Institute.
proportion 30 to 54 years Percentage of population between 30 and 54 years in the province. Source: National Statistics Institute.
housing credit to income Ratio between housing credit and gross disposable income, in percentage. Source: Banco de España. 
real construction costs Index of construction costs deflated by province CPI. Source: Ministry of Public Works and Infraestructure and National Statistics Institute. 
p
Table 1: list of variables and their descriptions. 
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Variable CADF(1) CADF(2) CADF(3) CADF(4)
real housing price  -3.388  -3.492  -3.307 -3.377
(0.000) (0.000) (0.000) (0.000)
per capita real income  -1.512  -2.124  -1.773 -2.071
 (1.000)  (0.969)  (1.000)  (0.989)
unemployment rate  -2.539 -2.170 -1.978  -1.710 
(0.000) (0.001) (0.064) ( 0.705)
per capita housing stock -2.849  -3.173 -3.118 -3.323
(0.000) (0.000) (0.000) (0.000)
population density -1.641 -1.723 -1.730 -1.819 
(1.000) (1.000) (1.000) (1.000)
nominal interest rate -2.184  -1.453 -1.457 -1.796
( 0.4991) (0.8445) ( 0.8435) (0.7065)
proportion 30 to 54 years  -2.157  -2.226  -2.134 -2.035
(0.944) ( 0.847) (0.962) (0.995)
housing credit to income -1.511 -0.861 -1.224 -0.702
(1.000) (1.000) (1.000) (1.000)
real construction costs -1.975  -2.008  -1.858  -1.948 
( 0.067) (0.040) ( 0.274) ( 0.099)
The reported values are CIPS(p) statistics, which are cross-section averages of 
Cross-sectionally Augmented Dickey-Fuller (CADF(p))  test statistics 
(Pesaran, 2007).
The null hypothesis is that all series contain a unit root, while the alternative 
hypothesis is that some series are stationary. P-values are in parenthesis. In 
the case of the nominal interest rate, the reported values come from 
Augmented Dickey-Fuller tests. 
Table 3: Panel unit root tests
Variable CD-test statistic p-value average correlation coefficient
real housing price  100.43  0.000  0.367
real per capita income 241.85 0.000  0.885 
unemployment rate  79.99 0.000   0.290 
per capita housing stock 86.49 0.000  0.316
population density 130.27 0.000  0.477 
proportion 30 to 54 years 185.23 0.000 0.678
housing credit to income 248.23 0.000 0.908
real construction costs 246.84 0.000 0.896
Table 2: CD tests and average cross-section correlation coefficients. 
The table displays CD tests (Pesaran 2004) and average cross-section correlation 
coefficients computed with the residuals of ADF (4) regressions for each variable and each 
cross-section separately. 
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CADF (1) CADF (2) CADF (3) CADF (4)
-2.820  -2.636 -2.682 -2.338 
(0.000) (0.000) (0.000) (0.000)
The reported values are CIPS(p) statistics, which are
cross-section averages of Cross-sectionally
Augmented Dickey-Fuller (CADF(p)) test statistics
(Pesaran, 2007). The critical values (N=50, T=61) for
the model with an intercept are -2.05, -2.12 and -2.23
for 10%, 5% and 1%, respectively. P-values in
parenthesis.
VARIABLES real housing price
per capita real income 0.629***
(0.089)
unemployment rate -0.009**
(0.003)
population density 1.032***
(0.162)
Province fixed effects YES
Observations 3,100
R-squared 0.713
CD-test 131.57***
Table 4: cointegration vector
The table displays the cointegration vector 
between housing prices, per capital real income, 
unemployment rate and population density. It is 
estimated by Within-Group to account for 
province fixed effects. It also includes two lags 
and two leads of ∆x, and contemporaneous 
changes ∆x. Discroll-Kraay standard errors in 
parenthesis. 
Table 5: CIPS tests of the residuals
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(1) (2)
ESTIMATOR DYNAMIC FIXED EFFECTS POOLED MEAN GROUP
VARIABLES D.housing price D.housing price
Error correction term (t-1) -0.068*** -0.085***
(0.014) (0.006)
D.housing price (t-1) 0.527*** 0.503***
(0.058) (0.020)
D.income (t) 0.735*** 0.686***
(0.123) (0.041)
D.income (t-1) -0.091 -0.070
(0.146) (0.049)
D.unemployment rate (t) -0.001* -0.002***
(0.001) (0.000)
D.unemployment rate (t-1) 0.000 0.000
(0.001) (0.000)
D.population density (t) 1.213 1.678***
(1.506) (0.464)
D.population density (t-1) 0.522 0.843**
(1.924) (0.427)
Observations 3,250 3,250
R-squared 0.5313 -
CD-test  101.30***  94.55***
This table presents the estimation of the Error Correction Model with two 
estimators, Dynamic Fixed Effects and Pooled Mean Group. With Dynamic Fixed 
Effects all  parameters, except intercepts, are constrained to be equal across 
panels. With Pooled Mean Group, long-run effects are constrained to be equal 
across all panels, while short-run coefficients, including the speed of 
adjustment, are allowed to differ across panels. Discroll-Kraay standard errors 
in parenthesis. 
Table 6: estimation of Error Correction Model
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Table 7: speed of adjustment across Spanish provinces.
Province Speed of adjustment
PALENCIA -0.212***
ÁVILA -0.165***
LLEIDA -0.156***
VALLADOLID -0.145***
CÓRDOBA -0.138***
SORIA -0.133***
BIZKAIA -0.127***
ZARAGOZA -0.124***
SEGOVIA -0.123***
HUELVA -0.121***
ZAMORA -0.115***
JAÉN -0.108***
BARCELONA -0.106***
OURENSE -0.106**
LEÓN -0.101***
ALMERÍA -0.099***
PALMAS, LAS -0.099***
CORUÑA, A -0.098**
PONTEVEDRA -0.097**
BURGOS -0.093***
SEVILLA -0.086***
CÁCERES -0.084**
GUADALAJARA -0.082**
ALBACETE -0.080**
ASTURIAS -0.079***
SALAMANCA -0.075**
BALEARS, ILLES -0.072**
GRANADA -0.071**
CÁDIZ -0.070**
CANTABRIA -0.067**
LUGO -0.066**
VALENCIA -0.065**
ALICANTE -0.061**
CASTELLÓN -0.061**
CUENCA -0.059**
TERUEL -0.059**
BADAJOZ -0.055**
HUESCA -0.055*
NAVARRA -0.052*
MÁLAGA -0.051**
CIUDAD REAL -0.050**
MADRID -0.043**
ÁLAVA -0.041**
GIRONA -0.040*
RIOJA, LA -0.031**
SANTA CRUZ DE TENERIFE -0.024
TOLEDO -0.038
TARRAGONA -0.041
MURCIA -0.042
GIPUZKOA -0.063
This table presents the estimation of the speed of 
adjustment for the 50 Spanish provinces via Pooled 
Mean Group. 
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CADF (1) CADF (2) CADF (3) CADF (4)
 -2.532  -2.406  -2.320 -2.083 
(0.000) (0.000) (0.000) ( 0.010)
The reported values are CIPS(p) statistics, which are
cross-section averages of Cross-sectionally
Augmented Dickey-Fuller (CADF(p)) test statistics
(Pesaran, 2007). The critical values (N=50, T=61) for
the model with an intercept are -2.05, -2.12 and -2.23
for 10%, 5% and 1%, respectively. P-values in
parenthesis.
g p)
VARIABLES housing price
per capita real income 0.409***
(0.037)
unemployment rate -0.011***
(0.002)
nominal interest rate -0.015***
(0.004)
per capita housing stock -0.268***
(0.045)
population density 0.079***
(0.008)
Province fixed effects NO
Observations 3,100
R-squared 0.639
CD-test   136.22***
Table 8: alternative cointegration vector
The table displays the cointegration 
vector between housing prices, per 
capital real income, unemployment rate, 
nominal interest rate, housing stock and 
population density. It is estimated by OLS. 
It also includes two lags and two leads of 
∆x, and contemporaneous changes ∆x. 
Discroll-Kraay standard errors in 
parenthesis. 
Table 9: CIPS tests of the residuals (alternative 
cointegration relationship)
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